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Presentation OutlinePresentation Outline

Current Status of Method 314.0 using improved RFIC Current Status of Method 314.0 using improved RFIC 
Instrumentation and Ultra II SuppressorInstrumentation and Ultra II Suppressor

Sample Pretreatment for Matrix Removal and Detection Limit Sample Pretreatment for Matrix Removal and Detection Limit 
EnhancementEnhancement

Automated Sample Preconcentration for Matrix Removal and Automated Sample Preconcentration for Matrix Removal and 
Lowering Detection LimitsLowering Detection Limits

Second Column Confirmation with the Cryptand A1 ColumnSecond Column Confirmation with the Cryptand A1 Column

ICIC--MS Detection for Low PartsMS Detection for Low Parts--perper--Trillion DeterminationsTrillion Determinations



Review of EPA Method 314.0 for PerchlorateReview of EPA Method 314.0 for Perchlorate
Revision 1.0, November 1999Revision 1.0, November 1999

Analytical method: ion chromatography with suppressed conductiviAnalytical method: ion chromatography with suppressed conductivity detectionty detection

Key operating conditionsKey operating conditions

Column: Column: IonPacIonPac®® AG16, AS16, 4AG16, AS16, 4--mmmm

Eluent: Eluent: 50 mM sodium hydroxide50 mM sodium hydroxide

Flow Rate: Flow Rate: 1.5 mL/min1.5 mL/min

Suppressor: Suppressor: ASRSASRS®® ULTRA, external water modeULTRA, external water mode

Sample Loop: Sample Loop: 1,000 µL1,000 µL

Method must deliver adequate column efficiency (peak area/heightMethod must deliver adequate column efficiency (peak area/height ratio ratio –– A/H) A/H) 
to allow quantification at the required MDL in a sample with higto allow quantification at the required MDL in a sample with high h 
total dissolved solids (TDS)total dissolved solids (TDS)

Must be able to quantify in a test matrix of chloride, carbonateMust be able to quantify in a test matrix of chloride, carbonate, and sulfate , and sulfate 
at 600 mg/L each (TDSat 600 mg/L each (TDS600600))
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ICSICS--2000 Integrated RFIC System2000 Integrated RFIC System

Integral eluent generationIntegral eluent generation
DualDual--piston pump with optional piston pump with optional 
vacuum degasvacuum degas
Electrically actuated injection valveElectrically actuated injection valve
Column heater, (30Column heater, (30––60 °C)60 °C)
Electrolytic suppressor controlElectrolytic suppressor control
Thermally controlled conductivity Thermally controlled conductivity 
detector (±0.01 °C)detector (±0.01 °C)
LCD touchLCD touch--pad front panelpad front panel
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SRSSRS ULTRA II Design ChangesULTRA II Design Changes

Uninterrupted operationUninterrupted operationLess prone to Less prone to 
foulingfouling

Lower voltage (ASRSLower voltage (ASRS®®))Screen capacity Screen capacity 
increasedincreased

Increased sensitivityIncreased sensitivity

Better detection limitsBetter detection limits

Better integration for early Better integration for early 
eluting anionseluting anions

Time savingsTime savings

Lower backgroundLower background

Lower noiseLower noise

Faster startFaster start--upup

Less leachatesLess leachatesNew proprietary New proprietary 
gasket materialgasket material

Increased sensitivityIncreased sensitivity

Better detection limitsBetter detection limits

Better integration for early Better integration for early 
eluting anionseluting anions

Time savingsTime savings

Lower backgroundLower background

Lower noiseLower noise

Faster startFaster start--upup

Less leachatesLess leachatesSolvent cleaned Solvent cleaned 
screens and screens and 
membranesmembranes

BenefitAdvantageFeatureSRS ULTRA II Design 
Change
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ASRSASRS®® ULTRA and ULTRA II ComparisonULTRA and ULTRA II Comparison
Perchlorate ICPerchlorate IC--MS MethodMS Method
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SRSSRS®® ULTRA II Performance CharacteristicsULTRA II Performance Characteristics
Fast startFast start--up timesup times
–– <2 hours for both 2<2 hours for both 2–– and 4and 4--mm anion and cation applications mm anion and cation applications 

upon first installupon first install
–– Day to day startDay to day start--up is <5 minup is <5 min

Hydroxide eluent applications typical noise in recycle modeHydroxide eluent applications typical noise in recycle mode
–– <1 nS/cm up to 40 mM NaOH <1 nS/cm up to 40 mM NaOH 
–– <2 nS/cm up to 100 mM NaOH<2 nS/cm up to 100 mM NaOH
–– External water recommended for trace applicationsExternal water recommended for trace applications

Low void volume improves efficiency for earlyLow void volume improves efficiency for early--eluting peaks for eluting peaks for 
anionsanions
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TraceTrace--Level Perchlorate Using the ASRSLevel Perchlorate Using the ASRS®® ULTRA IIULTRA II
ICSICS--20002000

Column:Column: IonPacIonPac®® AG16, AS16 4 mmAG16, AS16 4 mm
Eluent:Eluent: 65 mM KOH65 mM KOH
Eluent Source:Eluent Source: ICSICS--2000 with EGC and CR2000 with EGC and CR--ATCATC
Temperature:Temperature: 30 °C 30 °C 
Flow Rate:Flow Rate: 1.2 mL/min1.2 mL/min
Inj. Volume:Inj. Volume: 1000 µL1000 µL
Detection:Detection: ASRS ULTRA II, ASRS ULTRA II, 

recycle moderecycle mode
Peaks:Peaks: 1.1. PerchloratePerchlorate 2.02.0 µg/L (ppb)µg/L (ppb)

2.2. PerchloratePerchlorate 1.01.0
3.3. PerchloratePerchlorate 0.50.5

3

2

11

22
33

1.01.0

µSµS

0.8

1933919339

MinutesMinutes
00

0.8
55 1010 1515



EPA Method 314.0EPA Method 314.0
Determination of 1 µg/L Perchlorate with Increasing Determination of 1 µg/L Perchlorate with Increasing 
Concentrations of Chloride, Sulfate, and CarbonateConcentrations of Chloride, Sulfate, and Carbonate

1986619866
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MA (100) MA (100) 

MA (200) MA (200) 

Column:Column: IonPacIonPac AG16, AS16, 4 mmAG16, AS16, 4 mm
Eluent:Eluent: 65 mM KOH65 mM KOH
Eluent Source:Eluent Source: ICSICS--2000 EG with CR2000 EG with CR--ATCATC
Temperature:Temperature: 30 °C30 °C
Flow Rate:Flow Rate: 1.2 mL/min1.2 mL/min
Injection loop:Injection loop: 1000 µL1000 µL
Detection:Detection: ASRSASRS®® ULTRA II,ULTRA II,

AutoSuppressionAutoSuppression®®,,
external water mode, 193 mAexternal water mode, 193 mA

Samples:Samples: MA(x) = X mg/L each ClMA(x) = X mg/L each Cl––, SO, SO44
22––, CO, CO33

22––

Peaks:Peaks: 1. Perchlorate1. Perchlorate 1 µg/L1 µg/L
µS

MA (50) MA (50) 

Deionized WaterDeionized Water

MinutesMinutes



Determination of 0.5 µg/L PerchlorateDetermination of 0.5 µg/L Perchlorate
Spiked in Drinking WaterSpiked in Drinking Water

1.70

1

Instrument: ICS 2000 RFIC
Columns: IonPac AG16, AS16, 4 mm
Eluent: 65 mM KOH
Eluent Source: ICS-2000 with CR-ATC
Temperature: 30 °C
Flow Rate: 1.2 mL/min
Inj. Volume: 1000 µL
Detection: ASRS ULTRA II, external 

water mode
Peaks: 1.  Perchlorate 0.5 µg/L (ppb)

µS

1.15
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EPA Method 314.0EPA Method 314.0
Determination of 5 µg/L Perchlorate with Increasing Determination of 5 µg/L Perchlorate with Increasing 
Concentrations of Chloride, Sulfate, and CarbonateConcentrations of Chloride, Sulfate, and Carbonate
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Deionized WaterDeionized Water
MA (100) MA (100) 
MA (400) MA (400) 
MA (800) MA (800) 

Column:Column: IonPacIonPac AG16, AS16, 4 mmAG16, AS16, 4 mm
Eluent:Eluent: 65 mM KOH65 mM KOH
Eluent Source:Eluent Source: ICSICS--2000 EG with CR2000 EG with CR--ATCATC
Temperature:Temperature: 30 °C30 °C
Flow Rate:Flow Rate: 1.2 mL/min1.2 mL/min
Injection loop:Injection loop: 1000 µL1000 µL
Detection:Detection: ASRSASRS®® ULTRA II,ULTRA II,

AutoSuppressionAutoSuppression®®,,
external water mode, 193 mAexternal water mode, 193 mA

Samples:Samples: MA(x) = X mg/L each ClMA(x) = X mg/L each Cl––, SO, SO44
22––, CO, CO33

22––

Peaks:Peaks: 1. Perchlorate1. Perchlorate 5 µg/L5 µg/L

µS

55 1010 1515
MinutesMinutes



MDLs for Perchlorate on an ICSMDLs for Perchlorate on an ICS--20002000

0.240.075.0600 (CCS)

0.180.072.0400 (CCS)

0.240.271.0200 (CCS)

0.130.050.5100 (CCS)

0.100.200.550 (CCS)b

0.100.100.5DI water

Calculated 
MDLa

(µg/L)
Retention Time 

RSD (%)

MDL 
Standard

(µg/L)Matrix

aa The MDLs were calculated as MDL = (t) x (SD), n = 7The MDLs were calculated as MDL = (t) x (SD), n = 7
bb CCS indicates a mixed common anion solution of chloride, carbonCCS indicates a mixed common anion solution of chloride, carbonate and sulfate (mg/L each)ate and sulfate (mg/L each)
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OnGuardOnGuard®® Sample Pretreatment Sample Pretreatment 
Removes Common Matrix AnionsRemoves Common Matrix Anions

SampleSample

OnGuardOnGuard II BaII Ba

OnGuardOnGuard II AgII Ag

0.22 µm Particle0.22 µm Particle
FilterFilter

OnGuardOnGuard II HII H

Sample VialSample Vial

RR––Ba + M,SOBa + M,SO44
22––

RR––Ag + M,ClAg + M,Cl––

RR––H + M, COH + M, CO33
22––

Removes AgCl colloidsRemoves AgCl colloids

R = ResinR = Resin
M = Metal IonsM = Metal Ions

RR––M + BaSOM + BaSO44

RR––M + AgClM + AgCl

RR––M + HM + H22COCO33

1915219152--modifiedmodified



OnGuardOnGuard®® Matrix Elimination Improves Matrix Elimination Improves 
Determination of Perchlorate in HighDetermination of Perchlorate in High--IonicIonic--Strength Water Strength Water 

1915319153--modifiedmodified

Column:Column: IonPacIonPac®® AG16, AS16, AG16, AS16, 2 mm2 mm
Eluent:Eluent: 50 mM50 mM potassium hydroxide (EG50) potassium hydroxide (EG50) 
Flow Rate:Flow Rate: 0.4 mL/min0.4 mL/min
Inj. Volume:Inj. Volume: 1000 µL1000 µL
Temperature:Temperature: 30 30 °°C C 
Detection:Detection: Suppressed conductivity Suppressed conductivity 
Suppressor:Suppressor: AMMSAMMS®® III, 2 mm, pressurizedIII, 2 mm, pressurized

bottle mode bottle mode 

Peaks:Peaks: 1. 1. Perchlorate Perchlorate 0.50.5 µg/L (ppb)µg/L (ppb)
2.2. TribromoacetateTribromoacetate 100100

Matrix:Matrix: ChlorideChloride 600 600 mg/L mg/L 
CarbonateCarbonate 600600
SulfateSulfate 600600
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OnGuardOnGuard®® Matrix Elimination of Matrix Elimination of 
Chloride, Sulfate, and Carbonate AnionsChloride, Sulfate, and Carbonate Anions

1963319633
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Precision of IC Determination of Perchlorate in a High Precision of IC Determination of Perchlorate in a High 
TDS Sample MatrixTDS Sample Matrix11 Using OnGuardUsing OnGuard®® Matrix EliminationMatrix Elimination

0.1000.100MDLMDL(3)(3)
0.0320.032SDSD
0.3300.330MeanMean
0.3210.32177
0.2830.28366
0.3360.33655
0.3470.34744
0.3190.31933
0.3180.31822
0.3880.38811

Perchlorate Concentration (µg/L)Perchlorate Concentration (µg/L)SampleSample(2)(2)

1)1) Sample matrix contained chloride, carbonate, and sulfate at 600 Sample matrix contained chloride, carbonate, and sulfate at 600 mg/L eachmg/L each
2)2) Each sample injected was treated with a different OnGuard cartriEach sample injected was treated with a different OnGuard cartridge set (Ba, Ag, filter,H)dge set (Ba, Ag, filter,H)
3)3) MDL = method detection limit = (SD) x (MDL = method detection limit = (SD) x (ttss) 99% for 1 mL injection where () 99% for 1 mL injection where (ttss) is for a 99% single) is for a 99% single--

sided Studentssided Students tt--test for n = 7 which is 3.14test for n = 7 which is 3.14
1915619156



OnGuardOnGuard®® Matrix Elimination ImprovesMatrix Elimination Improves
Determination of Perchlorate in GroundwaterDetermination of Perchlorate in Groundwater

2.0

1949119491

0 5 10 15

1

(A)(A)
Column:Column: IonPacIonPac®® AG16, AS16, 2 AG16, AS16, 2 mmmm
Eluent:Eluent: 50 mM potassium hydroxide50 mM potassium hydroxide (EG50)(EG50)
Temperature:Temperature: 30 °C30 °C
Flow Rate:Flow Rate: 0.4 mL/min0.4 mL/min
Inj. Volume:Inj. Volume: 1000 µL1000 µL
Detection:Detection: Suppressed conductivitySuppressed conductivity
Suppressor:Suppressor: AMMSAMMS®® III, 2 mm, pressurized bottle modeIII, 2 mm, pressurized bottle mode
Samples:Samples: Domestic well waterDomestic well water

(A) No pretreatment(A) No pretreatment
(B) Pretreated with OnGuard Ba, Ag, H(B) Pretreated with OnGuard Ba, Ag, H

AA BB
Peaks:Peaks: 1. Perchlorate1. Perchlorate 1.74 1.74 2.132.13 µg/Lµg/L

2. Tribromoacetate2. Tribromoacetate –– 86

µSµS

0.0

MinutesMinutes
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OnGuardOnGuard®® Matrix Elimination Improves Recovery Matrix Elimination Improves Recovery 
of Perchlorate Spike from Briny Surface Waterof Perchlorate Spike from Briny Surface Water

Column:Column: IonPacIonPac®® AG16, AS16, 2 mmAG16, AS16, 2 mm
Eluent:Eluent: 65 mM potassium hydroxide (EG50)65 mM potassium hydroxide (EG50)
Temperature:Temperature: 30 °C30 °C
Flow Rate:Flow Rate: 0.4 mL/min0.4 mL/min
Inj. Volume:Inj. Volume: 5 mL preconcentrated on TAC5 mL preconcentrated on TAC--ULPIULPI
Detection:Detection: Suppressed conductivitySuppressed conductivity
Suppressor:Suppressor: AMMSAMMS®® III (2 mm) pressurized bottle modeIII (2 mm) pressurized bottle mode
Sample:Sample: Salton Sea surface water diluted 2x and Salton Sea surface water diluted 2x and 

pretreated with pretreated with OnGuard Ba, Ag, HOnGuard Ba, Ag, H
(A) Matrix blank(A) Matrix blank
(B) Matrix spiked with 5 µg/L perchlorate(B) Matrix spiked with 5 µg/L perchlorate

AA BB
Peaks:Peaks: 1.1. PerchloratePerchlorate n.d. n.d. 4.474.47 µg/L (ppb)

AA

BB

0 5 10 20
4.0

12.0

µSµS

MinutesMinutes

1

10

2

µg/L (ppb)

1949519495



OnGuardOnGuard®® Matrix Elimination Improves Recovery Matrix Elimination Improves Recovery 
of Perchlorate Spiked Into Environmental Watersof Perchlorate Spiked Into Environmental Waters

0%

20%

40%

60%

80%

100%

Deionized Water Drinking Water Groundwater Briny Surface Water HIW

No Treatment
With OnGuard
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Conditions for Perchlorate DeterminationConditions for Perchlorate Determination
Using OnUsing On--Line Sample Concentrator Column TechniqueLine Sample Concentrator Column Technique

Method:Method: Ion chromatography with chemicallyIon chromatography with chemically suppresssedsuppresssed
conductivity detectionconductivity detection

Conditions:Conditions: Column:Column: IonPacIonPac®® AG16, AS16, 2AG16, AS16, 2--mm setmm set
Eluent:Eluent: Sodium hydroxide (EG50)Sodium hydroxide (EG50)
Flow rate:Flow rate: 0.25 mL/min0.25 mL/min
Suppressor:Suppressor: ASRS ULTRAASRS ULTRA®® II, recycle modeII, recycle mode

Sample Loop:Sample Loop: Replace with Cryptand concentrator column.Replace with Cryptand concentrator column.

Program:Program: Apply 5Apply 5--mL of sample to concentrator column.mL of sample to concentrator column.
Rinse with 1 mL of 10 mM sodium hydroxide.Rinse with 1 mL of 10 mM sodium hydroxide.
Elute with 0.5 mM sodium hydroxide for 12 min.Elute with 0.5 mM sodium hydroxide for 12 min.
Separate with 60 mM sodium hydroxide.Separate with 60 mM sodium hydroxide.

1988619886



OnOn--line Sample Sample Concentration Techniqueline Sample Sample Concentration Technique
Loading the Concentrator ColumnLoading the Concentrator Column

11
22
33

44
55
66

Eluent InEluent InWasteWaste

CryptandCryptand
ConcentratorConcentrator
Column

SRSSRS

1986819868

Column AG16 2mmAG16 2mm

AS16 2mmAS16 2mm
Sample InSample In

WasteWasteConductivityConductivity
CellCell



OnOn--Line Sample Concentration TechniqueLine Sample Concentration Technique
Separating the Concentrated IonsSeparating the Concentrated Ions

11
22
33

44
55
66

Eluent InEluent InWasteWaste

CryptandCryptand
ConcentratorConcentrator

Column

SRSSRS

Column AG16 2mmAG16 2mm

AS16 2mmAS16 2mm
Sample InSample In

WasteWasteConductivityConductivity
CellCell
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Recovery of Perchlorate Spike Recovery of Perchlorate Spike 
From HighFrom High--IonicIonic--Strength Water MatricesStrength Water Matrices

Column:Column: IonPacIonPac®® AG16, AS16, 2 mmAG16, AS16, 2 mm
Eluent:Eluent: 60 mM potassium hydroxide (EG50)60 mM potassium hydroxide (EG50)
Temperature:Temperature: 30 °C30 °C
Flow Rate:Flow Rate: 0.25 mL/min0.25 mL/min
Inj. Volume:Inj. Volume: 5 mL preconcentrated on 095 mL preconcentrated on 09--42C 4 x 35 mm42C 4 x 35 mm
Detection:Detection: Suppressed conductivitySuppressed conductivity
Suppressor:Suppressor: ASRS ULTRAASRS ULTRA®® II 2 mm, recycle modeII 2 mm, recycle mode
Samples:Samples: MA(x) = X mg/L each ClMA(x) = X mg/L each Cl––, SO, SO44

22––, CO, CO33
22––

Peaks:Peaks: 1.1.PerchloratePerchlorate 2 µg/L2 µg/L

00 1010 1515 2020 2525 3030 3535--3.03.0

7.07.0

µSµS

MinutesMinutes

4

3

2

1

55

MA (200)MA (200)

MA (10) MA (10) 

MA (1000) MA (1000) 

MA (500) MA (500) 
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Recovery of 2 ppb Perchlorate in HIW MatricesRecovery of 2 ppb Perchlorate in HIW Matrices
Cryptand 09Cryptand 09--42C 4 x 35 mm 42C 4 x 35 mm 

5 mL concentrated with 15 mL concentrated with 1--mL of 10 mM NaOH rinse mL of 10 mM NaOH rinse 

0%0%

20%20%

40%40%

60%60%

80%80%

100%100%

1010 200200 500500 10001000
mg/L each of chloride, sulfate, and carbonatemg/L each of chloride, sulfate, and carbonate

1987019870Peak HeightPeak Height Peak AreaPeak Area



SummarySummary

Benefits of onBenefits of on--line sample concentration:line sample concentration:
–– Up to 5x more perchlorate injected onto 2Up to 5x more perchlorate injected onto 2--mm AS16mm AS16
–– Elution from Cryptand concentrator column withElution from Cryptand concentrator column with

lowlow--concentration eluent refocuses perchlorate onto AS16concentration eluent refocuses perchlorate onto AS16
–– Matrix ions significantly reduced in concentration allowingMatrix ions significantly reduced in concentration allowing

better sensitivitybetter sensitivity
Future work:Future work:

–– Measure linearity of perchlorate peak area vs. concentrationMeasure linearity of perchlorate peak area vs. concentration
–– Find a suitable surrogate/internal standardFind a suitable surrogate/internal standard

1988519885



Comparison of a Classical IC Column and an Comparison of a Classical IC Column and an 
IonPacIonPac®® Cryptand ColumnCryptand Column

++
NRNR33 ++

Metal IonMetal Ion

Cryptand MoleculeCryptand MoleculeSolid SupportSolid Support

1713817138

Classical Anion ExchangeClassical Anion Exchange Anion Exchange on Metal IonAnion Exchange on Metal Ion
Complexed by CryptandComplexed by Cryptand



Determination of Perchlorate in High TDS Samples Determination of Perchlorate in High TDS Samples 
Using a Cryptand ColumnUsing a Cryptand Column

Column:Column: IonPacIonPac® ® Cryptand A1, 5 µm, 3 x 150 mmCryptand A1, 5 µm, 3 x 150 mm
Eluent:Eluent: 35 mM NaOH, step to 35 mM35 mM NaOH, step to 35 mM

LiOH at 5 min., step back to 35 mM LiOH at 5 min., step back to 35 mM 
NaOH at 13 min.NaOH at 13 min.

Flow Rate:Flow Rate: 0.5 mL/min0.5 mL/min
Inj. Volume:Inj. Volume: 1 mL1 mL
Temperature:Temperature: 35 35 °°C C 
Detection:Detection: Suppressed conductivity Suppressed conductivity 

ASRSASRS®® ULTRA, 2 mm, external water ULTRA, 2 mm, external water 
mode mode with ATC (4 x 35 mm)with ATC (4 x 35 mm)

Peaks:Peaks: 1.  Perchlorate1.  Perchlorate 44 µg/L (ppb)µg/L (ppb)

Sample: Sample: DI Water with:DI Water with:
Chloride Chloride 800800 mg/Lmg/L
Carbonate Carbonate 10001000
Sulfate Sulfate 1200

0 5 10 15 20
-1

0

1

2

3

µS

Minutes

1

1200
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Precision of Perchlorate Determination in a High TDS Sample UsinPrecision of Perchlorate Determination in a High TDS Sample Using a g a 
Cryptand ColumnCryptand Column

Perchlorate Concentration µg/L Perchlorate Concentration µg/L 
1.811.81
1.94 1.94 
2.322.32
1.881.88
2.162.16
2.062.06
1.831.83
2.002.00
0.190.19
0.600.60
9.5%9.5%

InjectionInjection
11
22
33
44
55
66
77

MeanMean
SDSD

MDLMDL
RSDRSD

Sample Sample –– DI water  (1 mL injected) with:DI water  (1 mL injected) with:
ChlorideChloride 400 400 mg/Lmg/L
CarbonateCarbonate 600 600 mg/Lmg/L
SulfateSulfate 500 500 mg/Lmg/L
PerchloratePerchlorate 2 2 µg/Lµg/L

1915819158



RFICRFIC--MS for PerchlorateMS for Perchlorate
Benefits of Combining Suppressed IC with MSBenefits of Combining Suppressed IC with MS

Separate ionic analytes using standard IC Separate ionic analytes using standard IC 
conditionsconditions
Suppressor permits use of highSuppressor permits use of high--ionicionic--strength strength 
eluents to get the benefits of higheluents to get the benefits of high--capacity columnscapacity columns
Detect and identify analytes with high specificity Detect and identify analytes with high specificity 

–– Avoid coeluting interferences to ensure Avoid coeluting interferences to ensure 
accurate identificationaccurate identification

–– Avoid background interferences to ensure Avoid background interferences to ensure 
highest analyte sensitivityhighest analyte sensitivity

–– Identify analytes by mass and isotope ratios Identify analytes by mass and isotope ratios 
for added confirmationfor added confirmation

Identify unknownsIdentify unknowns

ICS-2500

MSQ™

MSQ is a trademark of Thermo Electron Corp.
1974019740



RFICRFIC--MDMD--MS of PerchlorateMS of Perchlorate
in California Groundwaterin California Groundwater

Column:Column: IonPacIonPac®® AG16, AS16 (2AG16, AS16 (2--mm)mm)
Suppressor:Suppressor: ASRSASRS®® ULTRA, 2 mmULTRA, 2 mm
Eluent:Eluent: 65 mM KOH (EG40)65 mM KOH (EG40)
Eluent source:Eluent source: EGCEGC--KOH with CRKOH with CR--ATCATC
Flow Rate:Flow Rate: 0.30 mL/min0.30 mL/min
Inj. Volume:Inj. Volume: 250 µL250 µL
Detection:Detection: 1. 1. ConductivityConductivity

2. 2. MS, SIM 99, MS, SIM 99, 3535CIOCIO44
––

3.3. MS, SIM 101, MS, SIM 101, 3737CIOCIO44
––

MS Conditions:MS Conditions: ––ESI, 70 V, 350 ESI, 70 V, 350 ooCC
Sample:Sample: Groundwater diluted 1/10Groundwater diluted 1/10

Peak:Peak: Perchlorate Perchlorate ~ 77––8 µg/L

5 7.5 10
0

4

SIM 99
counts µS

Conductivity

SIM 99

SIM 101

18,000

8 µg/L

0

Minutes
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ICIC--MS Method Performance Enhancement MS Method Performance Enhancement 
DevelopmentsDevelopments

Matrix DiversionMatrix Diversion: : diverting the high concentration matrix diverting the high concentration matrix 
ions, such as chloride, carbonate and sulfate, away from ions, such as chloride, carbonate and sulfate, away from 
the MS using valve switching while they are eluting from the MS using valve switching while they are eluting from 
the ion exchange column and then directing the column the ion exchange column and then directing the column 
effluent to the MS while perchlorate elutes.effluent to the MS while perchlorate elutes.

Solvent WashSolvent Wash: : rinsing the source cone with a solvent rinsing the source cone with a solvent 
while the matrix ions are being diverted away from the MS; while the matrix ions are being diverted away from the MS; 
this provides continuous cleaning of the entrance this provides continuous cleaning of the entrance oriface oriface to to 
the MS and enhances method performance the MS and enhances method performance 



RFICRFIC--MDMD--MS for PerchlorateMS for Perchlorate

H20
Chromatography

Pump
Eluent

Generator Injector IC
Column

MSQ™

Mass Spec

50% 
H20/ACN

Auxiliary
Pump

MD = Matrix DiversionMD = Matrix Diversion

Column Flow to WasteColumn Flow to Waste
(Matrix diversion)(Matrix diversion)

Column Flow to MSQ/DetectorsColumn Flow to MSQ/Detectors

WasteWaste

WasteWaste

MatrixMatrix
DiversionDiversion

ValveValve

Suppressor

Conductivity 
Detector

1916219162--33



SIM 99 MS Response SIM 99 MS Response 
Solvent Wash MESolvent Wash ME--ICIC--MS with 50% ACNMS with 50% ACN

1 - 1 ppb Perchlorate with 1000 each CCS
2 – 1 ppb Perchlorate with 600 each CCS
3 – 1 ppb Perchlorate with 100 each CCS

10.52 10.75 11.00 11.25 11.50 11.75 12.00 12.25 12.50 12.75 13.00 13.25 13.50 13.75 14.00 14.25 14.50 14.75 14.98
2,500

3,750

5,000

6,500

counts

3

2

1

Perchlorate - 12.256

Retention Time, min



LowLow--Level Perchlorate AnalysisLevel Perchlorate Analysis
RFICRFIC--MDMD--MS with 50% ACN Solvent WashMS with 50% ACN Solvent Wash

1 1 -- 1 ppb Perchlorate with 1000 ppm each CCS 1 ppb Perchlorate with 1000 ppm each CCS 
2 2 –– 1 ppb Perchlorate with 600 ppm each CCS1 ppb Perchlorate with 600 ppm each CCS
3 3 –– 1 ppb Perchlorate with 100 each CCS1 ppb Perchlorate with 100 each CCS

1,0001,000

33
22
11

SIM 101SIM 101

*CCS = Chloride, carbonate, sulfate*CCS = Chloride, carbonate, sulfate

1,6001,600

countscounts

600
10.5010.50

600
11.0011.00 11.5011.50 12.0012.00 12.5012.50 13.0013.00 13.5013.50 14.0014.00 14.5014.50 15.0015.00

Retention Time, minRetention Time, min
1974119741



Benefits of Matrix Diversion for the Analysis of Benefits of Matrix Diversion for the Analysis of 
Perchlorate by RFICPerchlorate by RFIC--MSMS

Removal of earlyRemoval of early--eluting matrix ionseluting matrix ions
High recovery regardless of matrixHigh recovery regardless of matrix
Isotopic chlorine ratio confirms perchlorate identificationIsotopic chlorine ratio confirms perchlorate identification
No prescreening of samplesNo prescreening of samples
Eliminates offEliminates off--line sample pretreatment (materials and labor)line sample pretreatment (materials and labor)

1974219742



Precision and MDL PerchloratePrecision and MDL Perchlorate
in a High TDS Sample Matrixin a High TDS Sample Matrix

RFICRFIC--OnGuardOnGuard2,42,4 (1 mL(1 mL injinj.).)

0.1000.100MDLMDL33
0.0320.032SDSD
0.3300.330MeanMean
0.3210.32177
0.2830.28366
0.3360.33655
0.3470.34744
0.3190.31933
0.3180.31822
0.3880.38811

Concentration (µg/L)Concentration (µg/L)Injections
RFICRFIC--MDMD--MSMS11 (250 µL(250 µL injinj.).)

0.060.06MDLMDL33
0.0190.019SDSD
0.2500.250MeanMean
0.2360.23677
0.2840.28466
0.2590.25955
0.2540.25444
0.2540.25433
0.2300.23022
0.2320.23211

Concentration (µg/L)Concentration (µg/L)InjectionsInjections Injections

11 Sample matrix: 100 mg/L chloride, 300 mg/L carbonate, 400 mg/L sSample matrix: 100 mg/L chloride, 300 mg/L carbonate, 400 mg/L sulfateulfate
22 Sample matrix contained chloride, carbonate and sulfate at 600 mSample matrix contained chloride, carbonate and sulfate at 600 mg/L eachg/L each
33 MDL = method detection limit = (SD) + (MDL = method detection limit = (SD) + (ttss) 99% where () 99% where (ttss) is a 99% single) is a 99% single--sided Students sided Students t t test for n = 7 which is 3.14test for n = 7 which is 3.14
44 Each sample injected was treated with a different OnGuard cartriEach sample injected was treated with a different OnGuard cartridge set (Ba, Ag, filter, H)dge set (Ba, Ag, filter, H)

1917419174--11



Perchlorate Calibration Curves Perchlorate Calibration Curves 
Drinking Water Matrix with ICDrinking Water Matrix with IC--MDMD--MSMS

y = 0.3841x - 3.1198
R2 = 0.999
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Performance Enhancements SummaryPerformance Enhancements Summary
Solvent Wash MDSolvent Wash MD--ICIC--MS versus MEMS versus ME--ICIC--MSMS

Water Wash MDWater Wash MD--ICIC--MS MDL: 50MS MDL: 50--80 ppt80 ppt

Water as a Wash Solvent results in about a10% Water as a Wash Solvent results in about a10% 
absolute improvement in area count stabilityabsolute improvement in area count stability

ACN Solvent Wash MDACN Solvent Wash MD--ICIC--MS MDL: 30MS MDL: 30--50 ppt 50 ppt 

50% Acetonitrile as a Wash Solvent improves 50% Acetonitrile as a Wash Solvent improves 
detection limits about 25%, daydetection limits about 25%, day--toto--day reproducibility day reproducibility 
an additional 10% in high ionic strength matrices,  an additional 10% in high ionic strength matrices,  
recovery up to 100% depending on background recovery up to 100% depending on background 
conductivityconductivity



ICIC--MS/MS Collaborative StudyMS/MS Collaborative Study
Preliminary DataPreliminary Data

Instrumentation:Instrumentation:

–– DXDX--600 Ion Chromatograph with AS16 column and Ultra II 600 Ion Chromatograph with AS16 column and Ultra II 
suppressorsuppressor

–– Micromass Quattro Micromass Quattro Ultima Ultima Tandem MS with collision cell Tandem MS with collision cell 
monitoring the m/z 99 to 83 and 101 to 85 transitionsmonitoring the m/z 99 to 83 and 101 to 85 transitions

–– 83 m/z used for quantitation83 m/z used for quantitation

Calibration Range: 5 Calibration Range: 5 –– 100 ng/L in reagent water100 ng/L in reagent water

MDL determination at 2 ng/L (ppt) results in an MDL of ~ 1ng/LMDL determination at 2 ng/L (ppt) results in an MDL of ~ 1ng/L

Perchlorate estimated quantitation limit in ground water matricePerchlorate estimated quantitation limit in ground water matrices s 
at ~5at ~5--10 ng/L10 ng/L



SummarySummary
Determination of Perchlorate in Drinking Water Determination of Perchlorate in Drinking Water 

Using Ion ChromatographyUsing Ion Chromatography

0.5 0.5 –– 1.0 µg/L with Suppressed 1.0 µg/L with Suppressed 
ConductivityConductivity
<100 ng/L with Standard <100 ng/L with Standard 
Suppressed ICSuppressed IC--MS MS 
<50 ng/L with Suppressed <50 ng/L with Suppressed 
Solvent Wash MESolvent Wash ME--ICIC--MSMS
<5 ng/L with Suppressed        <5 ng/L with Suppressed        
ICIC--MS/MSMS/MS
ICIC--MS Delivers Superior MS Delivers Superior 
Sensitivity and SelectivitySensitivity and Selectivity

1845918459
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